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(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem of crack defects that 
occur in a connecting surface of a conventional ceramic electronic circuit 
board due to a difference of thermal expansions of materials, because a 
ceramic base is fixed to a metal base plate via a metal layer and a solder in 
the ceramic base. 

SOLUTION: A metal ceramic electronic circuit board is constituted by 
connecting one or a plurality of ceramic boards each having a metal 
conductor for performing a role of an electronic circuit to one side surface 
of a base plate made of an aluminum or an aluminum alloy. A method for 
manufacturing the metal ceramic circuit board comprises the steps of 
melting the aluminum or the aluminum alloy in vacuum or in an inert gas to 
obtain a molten material, then contacting the molten material with the 
ceramic board in vacuum or in the inert gas in a casting mold so that the 
molten material is contacted directly with the ceramic board without 
intermediary of an oxide film on a surface of the metal in their interface, 
holding to cool the contacted material to rigidly connect them, and 
connecting the conductor with the ceramic board by using a brazing 
material or connecting in its reverse order. In this case, the base board has 
its proof stress of 320 (MPa) or less, and a thickness of 1 mm or more. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The metal ceramic circuit board characterized by having a base board which consists of aluminum or an 
aluminium alloy, and a ceramic substrate which has joined the whole surface to the above-mentioned base board 
directly, and for proof stress of a base board of the above-mentioned aluminum or an aluminium alloy being below 320 
(MPa), and thickness being 1mm or more. 

[Claim 2] other sides of the above-mentioned ceramic substrate - an electronic circuitry — public funds ~ the metal 
ceramic circuit board according to claim 1 characterized by having a group conductor. 

[Claim 3] an electronic circuitry where other sides of the above-mentioned ceramic substrate were chosen more than 
from a kind at least among copper, a copper alloy, aluminum, or an aluminium alloy - public funds ~ the metal ceramic 
circuit board according to claim 1 characterized by having a group conductor. 

[Claim 4] The metal ceramic circuit board according to claim 1, 2, or 3 characterized by the above-mentioned ceramic 
substrate being a kind chosen from an alumina, alumimium nitride, and silicon nitride. 

[Claim 5] a power module using a base board which consists of aluminum or an aluminium alloy, a ceramic substrate 
which has joined the whole surface to the above-mentioned base board directly, and the metal ceramic circuit board 
characterized by having a semiconductor chip which the above-mentioned ceramic substrate boiled on the other hand, 
and was prepared, and for proof stress of a base board of the above-mentioned aluminum or an aluminium alloy being 
below 320 (MPa), and thickness being 1mm or more. 

[Claim 6] The manufacture method of the metal ceramic circuit board characterized by to have the production process 
which cools the production process which dissolves aluminum or an aluminium alloy in a vacuum or inert gas, and 
acquires a melting object, the production process which contact this melting object the whole surface of a ceramic 
substrate, and directly in mold in a vacuum or inert gas, and the aluminum or the aluminium alloy contacted directly, 
and a ceramic substrate, and joins the base board of aluminum or an aluminium alloy directly to the up Norikazu side of 
the above-mentioned ceramic substrate. 

[Claim 7] A manufacture method of the metal ceramic circuit board characterized by providing the following A 
production process which dissolves aluminum or an aluminium alloy in a vacuum or inert gas, and acquires a melting 
object A production process which contacts this melting object the whole surface of a ceramic substrate, and directly in 
mold in a vacuum or inert gas A production process which cools aluminum or an aluminium alloy contacted directly, 
and a ceramic substrate, and joins a base board of aluminum or an aluminium alloy to a up Norikazu side of the above- 
mentioned ceramic substrate directly an electronic circuitry - public funds - a production process which the above- 
mentioned ceramic substrate boils a group conductor on the other hand, and is joined using wax material 
[Claim 8] A manufacture method of the metal ceramic circuit board characterized by providing the following A 
production process which dissolves aluminum or an aluminium alloy in a vacuum or inert gas, and acquires a melting 
object this melting object — the inside of a vacuum or inert gas — the inside of mold - setting — the whole surface — an 
electronic circuitry - public funds — a production process which a ceramic substrate joined using wax material boils a 
group conductor on the other hand, and is contacted directly A production process which cools aluminum or an 
aluminium alloy contacted directly, and a ceramic substrate, and joins a base board of aluminum or an aluminium alloy 
to a field besides the above of the above-mentioned ceramic substrate directly 

[Claim 9] A manufacture method of the metal ceramic circuit board characterized by providing the following A 
production process which dissolves aluminum or an aluminium alloy in a vacuum or inert gas, and acquires a melting 
object A production process which contacts this melting object on the whole surface of a ceramic substrate directly in 
mold in a vacuum or inert gas A production process which cools aluminum or an aluminium alloy contacted directly, 
and a ceramic substrate, and joins a base board of aluminum or an aluminium alloy to a up Norikazu side of a ceramic 
substrate directly the above-mentioned ceramic substrate — on the other hand — alike — an electronic circuitry — public 
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funds a production process which joins a group conductor 

[Claim 10] A manufacture method of the metal ceramic circuit board characterized by providing the following A 
production process which dissolves aluminum or an aluminium alloy in a vacuum or inert gas, and acquires a melting 
object this melting object — the inside of a vacuum or inert gas — the inside of mold - setting - the whole surface ~ an 
electronic circuitry — public funds — a production process which a ceramic substrate which joined a group conductor is 
alike on the other hand, and is contacted directly A production process which cools aluminum or an aluminium alloy 
contacted directly, and a ceramic substrate, and joins a base board of aluminum or an aluminium alloy to a field besides 
the above of the above-mentioned ceramic substrate directly 

[Claim 1 1] A manufacture method of the metal ceramic circuit board according to claim 6, 7, 8, 9, or 10 characterized 
by the above-mentioned ceramic substrate being a kind chosen from an alumina, alumimium nitride, and silicon nitride. 
[Claim 12] The above-mentioned metal conductor is copper and a copper alloy, A manufacture method of the metal 
ceramic circuit board according to claim 7, 8, 9, 10, or 1 1 characterized by being chosen more than out of a kind at least 
among aluminum and an aluminium alloy. 

[Claim 13] A manufacture method of a power module characterized by providing the following A production process 
which dissolves aluminum or an aluminium alloy in a vacuum or inert gas, and acquires a melting object A production 
process which contacts this melting object on the whole surface of a ceramic substrate directly in mold in a vacuum or 
inert gas A production process which cools aluminum or an aluminium alloy contacted directly, and a ceramic substrate, 
and joins a base board of aluminum or an aluminium alloy to a up Norikazu side of the above-mentioned ceramic 
substrate directly a production process which the above-mentioned ceramic substrate is alike on the other hand, forms a 
metal layer of a desired pattern configuration, and fixes a semiconductor chip on this metal layer 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the outstanding metal ceramic circuit board 
and its manufacture method, the metal ceramic circuit board that was excellent in the suitable thermo-cycle-proof nature 
for mounting of large power electronic parts, such as a power module, especially, and its manufacture method. 
[0002] 

[Description of the Prior Art] In recent years, the power module is used for high current control of an electric vehicle, a 
train, a machine tool, etc. In order to mainly carry two or more semiconductor chips in a power module and to take out a 
high current from the surface and a rear face, the substrate which fixes a semiconductor chip is asked for high electric 
insulation. Moreover, in order to control a high current, as for the semiconductor chip at the time of real **, temperature 
rises by pyrexia. For this reason, high thermolysis nature is required of the whole substrate containing the base material 
which is fixing this semiconductor chip, and its edge strip. 

[0003] The cross-section structure of the conventional power module is shown in drawin g 5 . By the conventional power 
module, a semiconductor chip 1 is fixed to the metal layer 3 on the ceramic substrate 2 as an insulating base material 
with solder 4, and this ceramic substrate 2 is further fixed to the metal base board 7 with solder 6 through the metal 
layer 5 of another side. In addition, 8 is the deposit formed in the metal layers 3 and 5 and the metal base board 7. 
Moreover, the display of the wiring during a chip etc. is omitted in drawing 1 . 

[0004] There are some which were shown in JP,1-1 18588,U or JP,2-68448,U in the wax material cementation method to 
the ceramic substrate of aluminum as advanced technology, and these use an aluminum-Si system and aluminum- 
germanium system wax material for an alumimium nitride substrate or an alumina substrate, and join aluminum to them. 
This has the silicon use as an aluminum joint assistant of U.S. Pat. No. 3994430 in 1976 as advanced technology 

[0005] 

[Problem(s) to be Solved by the Invention] However, if it is in such a conventional power module, since the ceramic 
substrate 2 is being fixed to the metal base board 7 through the metal layer 5 and solder 6, there is a trouble shown 
below. 

[0006] (1) When between the ceramic substrate 2 and the metal base board 7 has the ceramic substrate 2-metal layer 5 
and complicated structure like the - deposit 8-solder 6-deposit 8-metal base board 7 and energization and an 
energization halt are repeated for a chip 1 , each material will repeat cold energy and problems, like a crack arises from 
the difference of thermal-expansion contraction of each material at this time in the plane of composition of each 
material tend to produce it. 

[0007] (2) When solder 6 exists between the ceramic substrate 2 and the metal base board 7, thermal conductivity falls 
and thermolysis nature falls. 

[0008] (3) The electric maker is using the lead solder which is going to decrease use as much as possible in recent years 
in many cases. 

[0009] (4) In order to paste up between the ceramic substrate 2 and the metal base board 7 with solder 6, many strokes, 
such as surface treatment, such as plating for a solder wettability improvement, and soldering, are cost high in necessity. 

[0010] (5) When a coefficient of thermal expansion is large and cold energy is repeated to the ceramics, a crack tends to 
produce to the ceramics the copper base board as a metal base board used conventionally in a plane of composition with 
a copper base board, and base boards, such as a chip, a copper-molybdenum alloy, and aluminum, silicon carbide 
composite, have problems — thermal conductivity is low and a price is high - in reliability. 
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[001 1] Therefore, the purpose of this invention is to solve an above-mentioned trouble, and this invention aims concrete 
at acquiring the method of mass-producing the ceramic-metal compound member of various configurations and this 
which have the property which was excellent in the configuration which joined the base board made from direct 
aluminum or aluminum to the ceramic base material by low cost. 
[0012] 

[Means for Solving the Problem] It was using aluminum or an aluminium alloy for a material as a base board, 
contacting this to ceramics from a condition of a molten metal within mold, when this invention person's etc. inquires 
wholeheartedly, and cooling, and the proof stress was below a predetermined value, and when thickness joined 
aluminum or an aluminium alloy, and ceramics beyond a predetermined value, it found out that the above-mentioned 
technical problem was solvable. 

[0013] That is, in case ceramics is joined to a base board, without using a low method of soldering virtual junction 
temperature, use a metal hard as a base board, or if it solders to cementation of a base board and ceramics, ceramics will 
break, or fault a base board curves greatly occurs. When this invention person etc. inquired wholeheartedly to it, it found 
out that the above-mentioned fault could be prevented by joining aluminum and an aluminium alloy with small proof 
stress to ceramics directly without minding wax material. Although details of this mechanism are unknown, this 
invention persons have guessed that aluminum and an aluminium alloy with low proof stress are easing residual stress at 
the time of cementation produced from a difference of a coefficient of thermal expansion with ceramics by own plastic 
deformation etc. 

[0014] This invention is made based on this knowledge. 

[0015] The metal ceramic circuit board of this invention is characterized by having a base board which consists of 
aluminum or an aluminium alloy, and a ceramic substrate which has joined the whole surface to the above-mentioned 
base board directly, and for proof stress of a base board of the above-mentioned aluminum or an aluminium alloy being 
below 320 (MPa), and thickness being 1mm or more. 

[0016] a power module using the metal ceramic circuit board of this invention is characterized by having a base board 
which consists of aluminum or an aluminium alloy, a ceramic substrate which has joined the whole surface to the 
above-mentioned base board directly, and a semiconductor chip which the above-mentioned ceramic substrate boiled on 
the other hand, and was prepared, and for proof stress of a base board of the above-mentioned aluminum or an 
aluminium alloy being below 320 (MPa), and thickness being 1mm or more. 

[0017] A manufacture method of the metal ceramic circuit board of this invention A production process which dissolves 
aluminum or an aluminium alloy in a vacuum or inert gas, and acquires a melting object, A production process which 
contacts this melting object the whole surface of a ceramic substrate, and directly in mold in a vacuum or inert gas, It is 
characterized by having a production process which cools aluminum or an aluminium alloy contacted directly, and a 
ceramic substrate, and joins a base board of aluminum or an aluminium alloy to a up Norikazu side of the above- 
mentioned ceramic substrate directly. 

[0018] Moreover, a manufacture method of the metal ceramic circuit board of this invention A production process 
which dissolves aluminum or an aluminium alloy in a vacuum or inert gas, and acquires a melting object, A production 
process which contacts this melting object the whole surface of a ceramic substrate, and directly in mold in a vacuum or 
inert gas, A production process which cools aluminum or an aluminium alloy contacted directly, and a ceramic 
substrate, and joins a base board of aluminum or an aluminium alloy to a up Norikazu side of the above-mentioned 
ceramic substrate directly, an electronic circuitry — public funds - it is characterized by having a production process 
joined without the above-mentioned ceramic substrate's boiling a group conductor on the other hand and using, using 
wax material. 

[0019] Moreover, a manufacture method of the metal ceramic circuit board of this invention A production process 
which dissolves aluminum or an aluminium alloy in a vacuum or inert gas, and acquires a melting object, this melting 
object ~ the inside of a vacuum or inert gas ~ the inside of mold ~ setting ~ the whole surface » an electronic circuitry 
~ public funds - with a production process which a ceramic substrate joined without using a group conductor, using 
wax material is alike on the other hand, and is contacted directly It is characterized by having a production process 
which cools aluminum or an aluminium alloy contacted directly, and a ceramic substrate, and joins a base board of 
aluminum or an aluminium alloy to a field besides the above of the above-mentioned ceramic substrate directly. 
[0020] A production process which a manufacture method of a power module of this invention dissolves aluminum or 
an aluminium alloy in a vacuum or inert gas, and acquires a melting object, A production process which contacts this 
melting object on the whole surface of a ceramic substrate directly in mold in a vacuum or inert gas, A production 
process which cools aluminum or an aluminium alloy contacted directly, and a ceramic substrate, and joins a base board 
of aluminum or an aluminium alloy to a up Norikazu side of the above-mentioned ceramic substrate directly, on the 
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other hand, the above-mentioned ceramic substrate is alike, a metal layer of a desired pattern configuration is formed, 
and it is characterized by having a production process which fixes a semiconductor chip on this metal layer. 
[0021] It is characterized by choosing the above-mentioned metal conductor more than from a kind at least among 
copper, a copper alloy, aluminum, and an aluminium alloy. Although aluminum or an aluminium alloy can be used as a 
base board, thermal conductivity of aluminum is high, it is good, its melting point is still lower, and especially since it is 
easy to manufacture, it is excellent. [ of thermo-cycle-proof nature ] 

[0022] A reason for selection of each metal needs especially high conductivity, or when 1000 or less times is enough as 
a thermo-cycle tolerated dose, copper and a copper alloy are suitable. 

[0023] When 3000 times or more of thermo-cycle tolerated doses are required, aluminum and an aluminium alloy are 
suitable. 

[0024] Moreover, in order to raise solder wettability and corrosion resistance on these, Au plating, nickel plating, etc. 
can be performed. 

[0025] The above-mentioned ceramic substrate is characterized by being a kind chosen from an alumina, alumimium 
nitride, and silicon nitride. 

[0026] Versatility - also in ceramics, especially an alumina has highly cheap insulation and can manufacture a copper 
circuit by direct cementation - is high, nitriding aluminum can be excellent in heat conductivity being high at 
thermolysis nature, and can carry a chip for high current control, and since reinforcement of silicon nitride is high, 
thermo-cycle-proof nature is excellent in correspondence nature in severe high environment, such as an engine room. 
[0027] In addition, the above-mentioned base board aims at modular mechanical-strength reinforcement and 
thermolysis. Moreover, it means changing into a cementation condition with reinforcement as occasion demands, 
without making cementation assistants, such as wax material, intervene joining directly. 
[0028] 

[Embodiment of the Invention] With reference to a drawing, the example of the metal ceramic substrate of this 
invention and its manufacture method is explained to details below. 
[0029] (Example 1) 

[0030] Drawin g 1 is principle drawing of the equipment for manufacturing the metal ceramic circuit board of this 
invention. In this invention, aluminum of 99.9% of purity is set to the upper part of a crucible 9, and the ceramic 
substrate 2 of alumimium nitride to join is set to the lower part of a crucible 9. A crucible 9 is covered at a piston 10 and 
the interior of a crucible 9 is filled up with nitrogen gas. Subsequently, after heating a crucible 9 at 750 degrees C at a 
heater 1 1 and gritting aluminum The aluminum melting object 13 is extruded through the capillary 12 of the center of a 
crucible 9 with a piston 10. The extruded aluminum melting object 13 is slushed on the ceramic substrate 2. It was filled 
up to predetermined height, and this was annealed, the adhesion solidification of the aluminum melting object 13 was 
carried out at the ceramic substrate 2, and what joined the ceramic substrate 2 of two or more alumimium nitride to the 
whole surface of the base board 7 made from aluminum directly was obtained. Here, the proof stress of 5mm and 
aluminum of the thickness of the obtained base board made from aluminum was 40MPa(s). In addition, this proof stress 
creates a test piece by Z2201 No. of JIS, and measures it in conformity with Z2241 of JIS. 

[0031] Next, in order to form the circuit section on the ceramic substrate 2 of the above-mentioned alumimium nitride, 
The wax material of aluminum87.5wt% and Sil2.5% of presentation is printed in a desired pattern configuration using a 
screen printer. The aluminum rolled plate of a desired pattern configuration is carried as a metal layer 3 on it after 
desiccation at 80 degrees C. It heated at 575 degrees C with the vacuum furnace, subsequently electroless nickel plating 
was given, the semiconductor chip 1 was fixed through the solder 4 which is wax material on this metal layer 3, and the 
module shown in drawing 2 was made to constitute. 

[0032] When the thermo-cycle tolerated dose of this module was investigated, as for change, at least 4000 thermo cycles 
were not accepted in a ceramic-base board interface at all. 
[0033] (Example 2) 

[0034] The power module which has the metal ceramic circuit board of the form which the thickness of the base board 7 
made from the above-mentioned aluminum was changed into 1mm from 5mm, and also is shown in drawing 2 with the 
same means as an example 1 was formed. Moreover, when the thermo-cycle tolerated dose was investigated, as for 
change, at least 4000 thermo cycles were not accepted in a ceramic-base board interface at all like the example 1 . 
[0035] (Example 3) 

[0036] The power module which has the metal ceramic circuit board of the form which the thickness of the base board 7 
made from the above-mentioned aluminum was changed into 10mm from 5mm, and also is shown in drawing 2 with the 
same means as an example 1 was formed. Moreover, when the thermo-cycle tolerated dose was investigated, as for 
change, at least 3000 thermo cycles were not accepted in a ceramic-base board interface at all like the example 1 . 
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[0037] (Example 4) 

[0038] The power module which has the metal ceramic circuit board of the form which the thickness of the base board 7 
made from the above-mentioned aluminum was changed into 30mm from 5mm, and also is shown in drawin g 2 with the 
same means as an example 1 was formed. Moreover, when the thermo-cycle tolerated dose was investigated, as for 
change, at least 3000 thermo cycles were not accepted in a ceramic-base board interface at all like the example 1 . 
[0039] (Example 5) 

[0040] The power module which has the metal ceramic circuit board of the form which the quality of the material of the 
above-mentioned base board 7 was replaced with aluminum95.5% and Cu4.5% of aluminium alloy from aluminum of 
99.99% of purity, and also is shown in drawing 2 with the same means as an example 1 was formed. Here, the thickness 
of the base board 7 was 5mm, and proof stress was 95MPa(s). Moreover, when the thermo-cycle tolerated dose was 
investigated, as for change, at least 3000 thermo cycles were not accepted in a ceramic-base board interface at all like 
the example 1 . 
[0041] (Example 6) 

[0042] The power module which has the metal ceramic circuit board of the form which the quality of the material of the 
above-mentioned base board 7 was replaced with aluminum87.5% and Si 12.5% of aluminium alloy from aluminum of 
99.99% of purity, and also is shown in drawin g 2 with the same means as an example 1 was formed. Here, the thickness 
of the base board 7 was 5mm, and proof stress was 320MPa(s). Moreover, when the thermo-cycle tolerated dose was 
investigated, as for change, at least 3000 thermo cycles were not accepted in a ceramic-base board interface at all like 
the example 1. 
[0043] (Example 7) 

[0044] The power module which has the base one apparatus ceramic substrate of the form which changed to alumimium 
nitride as the above-mentioned ceramic substrate 2, and silicon nitride was used, and also is shown in drawing 2 with 
the same means as an example 1 was formed. Moreover, when the thermo-cycle tolerated dose was investigated, as for 
change, at least 4000 thermo cycles were not accepted in a ceramic-base board interface at all like the example 1 . 
[0045] (Example 8) 

[0046] The power module which has the metal ceramic circuit board of the form which applied the configuration of the 
above-mentioned base board 7 to this board from tabular [ with a thickness of 5mm ], and the fin was attached for the 
purpose on a thermolysis disposition, and also is shown in drawing 2 with the same means as an example 1 was formed. 
Moreover, when the thermo-cycle tolerated dose was investigated, as for change, at least 4000 thermo cycles were not 
accepted in a ceramic-base board interface at all like the example 1. 
[0047] (Example 9) 

[0048] In order to form the circuit section in the ceramic substrate 2 of alumimium nitride, the active metal wax material 
of Ag90wt%, Ti5%, and Cu5% of presentation was printed using the screen printer, the copper rolled plate was carried 
as a metal layer 3 on it after desiccation at 80 degrees C, and it heated at 800 degrees C with the vacuum furnace, and 
joined to the ceramic substrate 2. Next, it etches with a ferric-chloride solution, etching resist is print with a screen 
printer into the portion of this copper, after UV desiccation, the desired pattern 14 is form, it sets so that the inferior 
surface of tongue of the ceramic substrate 2 may turn in the lower part of the jar 9 which boils this subsequently to 
drawing 3 so that it may be show up, and aluminum of 99.9% of purity is set to the upper part of a crucible 9, a crucible 
9 is cover at a piston 10, and the interior of a crucible 9 is Subsequently, after heating a crucible 9 at 750 degrees C at a 
heater 1 1 and gritting aluminum The aluminum melting object 13 is extruded through the capillary 12 of the center of a 
crucible 9 with a piston 10. The extruded aluminum melting object 13 is slushed on the ceramic substrate 2. It was filled 
up to predetermined height, and this was annealed, the adhesion solidification of the aluminum melting object 13 was 
carried out at the ceramic substrate 2, the base board 7 was formed, the semiconductor chip 1 was fixed through solder 4 
on the above-mentioned metal layer 3, and the module shown in drawing 2 was made to constitute. Here, the proof 
stress of 5mm and aluminum of the thickness of the obtained base board made from aluminum was 40MPa(s). 
[0049] When the thermo-cycle tolerated dose of this base one apparatus ceramic substrate was investigated, as for 
change, at least 4000 thermo cycles were not accepted in a ceramic-base board interface at all like the example 1. 
[0050] (Example 10) 

[0051] After joining the ceramic substrate 2 of two or more alumimium nitride to the base board 7 made from aluminum 
directly with the same means as an example 1, using the jar 15 boiled as shown in drawing 4 , aluminum of 99.9% of 
purity is set to the upper part of a crucible 15, and the ceramic substrate 2 of alumimium nitride directly joined to the 
above-mentioned base board 7 is set to the lower part of the jar 15 which is turning the top and the base board 7 made 
from aluminum down. Furthermore, ********** typ e jg [ s placed for a desired circuit pattern configuration on the 
ceramic substrate 2 of alumimium nitride. A crucible 15 is covered at a piston 10 and the interior of a crucible 15 is 
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filled up with nitrogen gas. Subsequently, after heating a crucible 15 at 750 degrees C at a heater 1 1 and gritting 
aluminum, the aluminum melting object 13 is extruded [ with a piston 10 / from the capillary 16 of the center of a 
crucible 15 ] through Capillaries 17a- 17c, respectively on the mold 18 of each pattern. In order to protect the base board 
7 from heat at this time, a heat sink 19 is arranged to the base board 7 down side, and it is made to cool. The extruded 
aluminum melting object 13 is slushed into the mold 18 on the ceramic substrate 2 of alumimium nitride, and it is filled 
up to predetermined height, and it solidifies, the aluminum melting object 13 pasting the ceramic substrate 2 by 
annealing this. By the above method, the metal layer 3 was formed on the ceramic substrate 2, the semiconductor chip 1 
was fixed through solder 4 on this metal layer 3, and the power module shown in drawing 2 was made to constitute. 
Here, the proof stress of 5mm and aluminum of the thickness of the obtained base board made from aluminum was 
40MPa(s). 

[0052] When the thermo-cycle tolerated dose of this power module was investigated, as for change, at least 4000 thermo 
cycles were not accepted in a ceramic-base board interface at all like the example 1. 
[0053] (Example 1 of a comparison) 

[0054] The sample of the following [ the comparative purpose ] was created. In order to form the circuit section in one 
side of the ceramic substrate of alumimium nitride first, the screen printer was used and it printed in the pattern 
configuration of a request of the wax material of aluminum87.5wt% and Si 12. 5% of presentation, and the aluminum 
rolled plate of a desired pattern configuration was carried on it after desiccation at 80 degrees C, the same wax material 
as another side was printed in respect of poor, similarly the aluminum rolled plate of a poor side was carried, and it 
heated at 575 degrees C with the vacuum furnace. Next, electroless nickel plating was given to this substrate, and three 
substrates obtained further here were soldered on the base board made from aluminum which gave electroless nickel 
plating, and it fixed. Furthermore, the module of the form which prepares a semiconductor chip on this and is shown in 
drawing 5 was made to constitute. When the thermo-cycle tolerated dose was investigated like the example, the crack 
was accepted in the solder layer of a ceramic-base board interface in part by 1000 thermo cycles. 
[0055] (Example 2 of a comparison) 

[0056] The sample of the following [ the comparative purpose ] was created. Using the copper-molybdenum alloy with 
a thickness of 5mm for the base board instead of the base board made from aluminum, the rest made the module of the 
form shown in drawing 5 constitute from the same method as the example 1 of a comparison. When the thermo-cycle 
tolerated dose was investigated like the example, the crack was accepted in the solder layer of a ceramic-base board 
interface in part by 3000 thermo cycles. 
[0057] (Example 3 of a comparison) 

[0058] The sample of the following [ the comparative purpose ] was created. The molten metal of aluminum as shown 
in both sides of the ceramic substrate of alumimium nitride in the example 1 was contacted directly, and the aluminum 
layer of a poor side was made to form by the method which carries out cooling solidification. Next, in order to form the 
circuit section in this one side, etching resist was printed with the screen printer, after UV desiccation, it etched with the 
ferric-chloride solution and the circuit of a desired pattern was formed. Next, electroless nickel plating was given to this 
substrate, and three substrates obtained further here were soldered on the base board made from aluminum of 5mm in 
thickness which gave electroless nickel plating, and 99.99% of purity, and it fixed. Furthermore, the module of the form 
which prepares a semiconductor chip on this and is shown in drawing 5 was made to constitute. When the thermo-cycle 
tolerated dose was investigated like the example, the crack was accepted in the solder layer of a ceramic-base board 
interface in part by 3000 thermo cycles. <BR> [0059] (Example 4 of a comparison) 

[0060] The sample of the following [ the comparative purpose ] was created. In order to join three ceramic substrates of 
alumimium nitride on the base board made from aluminum of 5mm in thickness, and 99.99% of purity, the screen 
printer was used on the base board, the wax material of aluminum87.5wt% and Sil2.5% of presentation was printed, the 
ceramic substrate of alumimium nitride was carried on it after desiccation at 80 degrees C, and it heated at 575 degrees 
C with the vacuum furnace. Furthermore, when the method of an attempt and the bottom join to a base board, ceramic 
substrates have broken altogether together making a circuit form in a base board and the opposite side by the brazing- 
and-soldering method it is the same next. 
[0061] (Example 5 of a comparison) 

[0062] The sample of the following [ the comparative purpose ] was created. It tried to form the power module which 
has the metal ceramic circuit board of the form which the thickness of the base board 7 made from aluminum in an 
example 1 was changed into 0.5mm from 5mm, and also is shown in drawing 2 with the same means as an example 1 . 
However, the reinforcement of a base board runs short and the base board has deformed easily. 
[0063] (Example 6 of a comparison) 

[0064] The sample of the following [ the comparative purpose ] was created. It tried to form the module which has the 
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metal ceramic circuit board of the form which the quality of the material of the base board 7 in an example 1 was 
changed into aluminum88%, Cu2%, Mg3%, and Zn7% of aluminium alloy from aluminum of 99.99% of purity, and 
also is shown in drawin g 2 with the same means as an example 1 . Here, the thickness of the base board 7 was 5mm, and 
proof stress was 540MPa(s). However, when it joins to a base board, the ceramic substrate met and it has been divided 
altogether. 

[0065] The above result is shown in a table 1. 

[0066] 

[A table 1] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2/4/2004 



Page 7 of 8 



tt 


# 

T 


E 


B 
E 


-J 

is? 

9 

£ 


_ 

■i? 

9 

E 


_) 

Si 
E 


_) 

i-t 

9 
E 


-3 

E 
S 


-3 

E 


_) 

*? 

3 

E 


_> 

i? 

K? 
S 


9 

S 


-3 

& 


-> 

i-6 
•i? 

& 


_) 
eg 

E 


eg 
s 


_> 

c 

tt 
s 


ip 
o 


-3 

tt 


J 

4* 


tt 


-J 
» 


_> 

tt 


_) 
tt 


» 


-J 

tt 


_> 
tt 


-> 


J* 




4* 






« 


* 

1 

<> 

*■ 
j. 

! 

ii 


_. 

tt 

ss 
s 

d 

1 


-3 

tt 
E 

i 


_> 
tt 
18 
E 

i 


tt 

8 

E 

i 


_) 
tt 
SB 
E 

i 


_) 
tt 
0 
E 

i 


g 
E 
1 


-J 
E 

i 


_) 
E 


_> 
tt 

E 


-> 


^ 

P 

i 


^ 

CO 










m 


m 








e 


















- 


- 
















ft 
<( 

a 

1 
§ 


* 
tt 

•0 


t 
•o 


« 

»0 


* 


tt 

ip 
>0 


tt 

/p 
►0 


» 
m 


« 
as 


»o 


k 


tO 


•0 


* 




* 


tt 
tt 
IP 

•0 




t 


T 


T 


T 


T 


t 


t 


T 


1 




1 




1 


T 


T 


1 




* 

K 

1 

X 


tt 
n 
« 


113 
tt 


* 
tt 

m 


* 

m 

n 


* 
« 
tt 


tt 
tt 
R 


m 
m 
m 


* 
« 


tt 

m 

tt 


« 
tt 

tt 


+: 
* 


EB 


ES 
* 


tt 
si 


m 

m 


tt 
tt 
tt 


m 

m 


B 

$ 

a 






< 






< 


< 


< 


a 




< 




< 








* 
a 
s 


K 

<// 


z 

< 


2 

< 


z 

< 


z 
< 


z 

«< 


z 
< 


Z 

C/5 


z 

< 


z. 

< 


Z 
< 


< 


z 

< 


z 

< 


Z 
< 


z 

< 


z 


« 

X 


E 


in 


- 


o 


o 

CO 


in 


lO 


io 


to 


u> 


to 






to 


in 


o 


LA 


i 

■R 
B 


s 


s 






in 
o» 




o 




? 


s 


§ 




§ 




o 


? 


K 

K 


act 






CD 


o 

4- 


< 




CD 
O 


CO 


CD 


CD 

e> 


o 
O 


9> 




CD 
0> 


c 

< 




i 
tt 
k 


es 

I 


o 

1 


K 


« 


<© 


* 
S 


CO 

$ 
tt 
tt 


I 






i 


I 

2 




to 

i 

3 


CO 

i 




OTJlttv 







[0067] 

[Effect of the Invention] According to this invention, the following advantages are acquired. 

[0068] (1) Between a ceramic substrate and a base board becomes the simple structure of a ceramic-base board, and the 
reliability when repeating cold energy improves by leaps and bounds. Especially this is for choosing aluminum or an 
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aluminium alloy as a material of a base board, and being having joined this directly further, and own softness ! s of 
aluminum erasing irregular bound of thermal-expansion contraction with the ceramics at the time of cold energy inside, 
and preventing generating of the crack in a cementation interface. 

[0069] (2) Since between a ceramic substrate and a base board becomes the simple structure of a ceramic-base board 
and a solder layer with low thermal conductivity can be lost, high thermal conductivity is obtained. 
[0070] (3) Between a ceramic substrate and a base board becomes the simple structure of a ceramic-base board, since 
cementation by solder becomes unnecessary, strokes, such as surface treatment, such as plating for a soldering nature 
improvement, and soldering, are lost, and cost falls. 

[0071] (4) Although it is cheap, when a coefficient of thermal expansion is large and cold energy is repeated to the 
ceramics, it is easy to produce a crack in a plane of composition with the ceramics, and the copper conventionally used 
as a base board lacks in reliability. A copper-molybdenum alloy, aluminum, silicon carbide composite, etc. have low 
thermal conductivity, and its price is high. To these, aluminum is a low price, even if it repeats cold energy since proof 
stress is very small although a coefficient of thermal expansion is higher than copper, it is hard to produce a crack in an 
interface with the ceramics, and it can manufacture what has high reliability. 

[0072] (5) Although the manufacture method of the circuit board which carries out the brazing and soldering of 
aluminum, an aluminium alloy, copper, a copper-molybdenum alloy, aluminum, silicon carbide composite, etc. to the 
ceramics, using wax material as a base board can be considered Since the low glue line of flexibility generates between 
a base board and the ceramics by that the thickness of a base board is very thick, and wax material to the thickness of 
the metal by the side of a circuit, according to the difference between the metal after cementation, and the heat shrink of 
the ceramics A substrate is large and a crack tends to go into camber and the ceramics. On the other hand, by the method 
of joining aluminum or an aluminium alloy directly as a base board of this invention, the flexibility of the amount of 
joint is very high with aluminum, the proof stress of a base board is below 320 (MPa), and since thickness set to 1mm or 
more, the conventional defect can be swept away. 

[0073] (6) It is rich in the reliability which was hard to be acquired if the conventional substrate was used, and since the 
manufacture yield is high and a cost merit is also high, it is desirable especially as a large power power module substrate 
like an electric vehicle or a train. 

[0074] (7) Since it heat-treated in a vacuum or inert gas, oxidation of a material is prevented and cementation becomes 
good. In addition, whenever [ above-mentioned furnace temperature ] is good also as 550 degrees C - 850 degrees C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawin g 4] 
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